Essential oils (EO) possess antimicrobial, anti-inflammatory, insect repellent, anti-cancer, and antioxidant properties, among others. In the present work, the antioxidant, anti-inflammatory and anti-proliferative activities of Moroccan commercial EOs (Citrus aurantium, C. limon, Cupressus sempervirens, Eucalyptus globulus, Foeniculum vulgare and Thymus vulgaris) were evaluated and compared with their main constituents. T. vulgaris EO showed the best free radicals scavenging capacity. This EO was also the most effective against lipid peroxidation along with C. limon and F. vulgare EOs. C. sempervirens EO was the most effective in scavenging NO free radicals, whereas C. limon EO showed the best chelating power. Not all of the major compounds of the EO were responsible for the whole activity of the EOs. T. vulgaris EO showed the best anti-proliferative activity against THP-1 cells in contrast to that of F. vulgare. The antioxidant and anti-inflammatory activities of the EOs were plant species dependent and not always attributable to the EOs main components. Nevertheless, the EOs anti-proliferative activities were more related to their main components, as with T. vulgaris, C. limon, E. globulus and C. sempervirens.
For food and beverage consumption, the essential oil products used are those on the Generally Recognised as Safe (GRAS) list approved by the Food and Drug Administration (FDA). For medical purposes essential oils need to fulfil national and international Pharmacopoeia recommendations. The maximum quantities and uses of some essential oils, as well as their single components, are regulated by the International Fragrance Association (IFRA), the Bundesinstitut für Risikobewertung (BfR), the Research Institute for Fragrance Materials (RIFM) and the Scientific Committee Consumer's Safety (SCCS). Physical standards of essential oils are also specified by the Association Française de Normalisation (AFNOR), as well as the International Organization for Standardization (ISO). The need for this control and standardization lies in the fact that the chemical composition varies depending on plant health, growth stage, edaphic and climate factors, harvesting time, part of plant used, and agronomic conditions, among other factors [1, 2] .
The use of essential oils in the pharmaceutical, agricultural and nutritional fields are due to their antimicrobial, antiviral, nematicidal, antifungal, insecticidal, antioxidant and antiinflammatory activities [3] .
In the present work, six traded essential oils belonging to the first {Citrus aurantium L., C. limon (L.) Burman f. and Eucalyptus globulus Labil.) and second (Thymus vulgaris L.) groups of global production, along with Cupressus sempervirens L., and Foeniculum vulgare Mill. were chemically analyzed. Also, antioxidant and antiproliferative activities of these essential oils were investigated. Essential oils are composed of many compounds and their biological activities can be attributed to the major components and/or to minor ones. Hence, in the present work, the biological activities of the essential oils were compared with those of their main components in order to ascertain if the activities of these compounds reflect the biological activities of the respective essential oils.
The EO yields can vary considerably, as well as the exact composition of any EO will be variable depending, among other factors, on the particular plant part material used in the isolation procedure, on the cultivation conditions, cultivar, harvesting time and distillation [2, 13] . This chemical variability may contribute to the existence of EO chemotypes, which may partly explain the contrasting properties of the essential oils isolated from the same species.
Antioxidant activity: The antioxidant capacity of the studied commercial EOs was determined by evaluating their ability to scavenge free radicals (ABTS, hydroxyl, peroxyl and NO), lipid peroxidation (liposomes) and chelating ability ( Table 2) . T. vulgaris EO showed the best capacity for scavenging ABTS, hydroxyl and peroxyl radicals. Nonetheless, it was not as effective for either scavenging nitric oxide radicals or for chelating iron metal ( Table  2 ). C. sempervirens EO was the most effective in scavenging NO free radicals, and C. limon EO showed the most effective chelating power. The antioxidant properties of T. vulgaris essential oils have been reported in previous studies using either the same methods or different ones from those used in the present work [4, 14, 15] .
C. limon, along with F. vulgare and T. vulgaris EOs showed the highest prevention of liposome peroxidation, in contrast to that of C aurantium in which the IC 50 was not possible to determine and E. globulus EO ( Table 2 ). This EO also had a weak capability for scavenging free peroxyl radicals.
C. sempervirens EO was the most effective for scavenging NO radicals and, along with F. vulgare EO, was a good chelator of metal ions ( Table 2) .
As mentioned, EOs are complex mixtures of lipophilic and volatile compounds at different concentrations. The activity can be attributed to major EO compounds, but also minor compounds may reveal antioxidant activity. Moreover, the association between major and minor compounds may result in an antagonistic result. In the present work, the antioxidant activities of entire EOs were compared with those of their main components to determine the potential correlation between the EOs and their major constituents.
The activity of T. vulgaris EO, which was one of the best antioxidants in almost all the assays used, seems to be predominantly due to thymol and carvacrol. Borneol and p-cymene had only very weak activity (Table 2) , which is in accordance with previous studies [16] .
The capacity of T. vulgaris EO for scavenging hydroxyl radicals was the best, whereas in the remaining assays thymol was generally the best antioxidant ( Table 2 ). The antioxidant activities of thymol and carvacrol have already been demonstrated by Puertas-Mejía et al. [17] , both alone and in combination. The authors concluded that these phenols combined in a 1:1 ratio had a synergistic effect.
The antioxidant activity C. limon EO may be attributed to limonene, independently of the method used for assay. Limonene was practically the sole terpene in this EO ( Table 1) . The low capacity of limonene for scavenging ABTS free radicals (<50%) was also reported by Roberto et al. [18] when using DPPH as free radicals.
Limonene, as well as C. limon EO, had the capacity for preventing lipid peroxidation of liposomes. Ruberto and Baratta [16] found a low capacity for preventing lipid peroxidation of limonene through the modified thiobarbituric acid reactive species and the rate of conjugated diene formation from linoleic acid. The chelating capacity of limonene-rich essential oils detected in the present work was also reported by Gursoy et al. [19] , this activity being dosedependent.
The capacity for either scavenging ABTS radicals or preventing lipid peroxidation by C. aurantium EO cannot be attributed to linalool and linalyl acetate, the dominant monoterpenes in this EO, since the activities were much lower than that of C. aurantium EO. The weak ability of linalool to prevent oxidation either by inhibiting lipid peroxidation or scavenging free radicals was also previously reported [16, 20] . Hence other EO components may be responsible for the activity of C. aurantium EO and/or their synergism.
All EOs showed metal chelating activity and the capacity for scavenging peroxyl radicals, although linalool and linalyl acetate had higher activities, suggesting that these monoterpenes and/or other components present in the EO showed an antagonistic effect, lowering the antioxidant capacity of the Citrus EO. Linalool, one of the main components of Hedychium coronarium and Diplazium squamigerum EOs exhibited moderate ferrous chelating activity [21] , as well as a capacity for scavenging peroxyl radicals [22] .
Only E. globulus EO was able to scavenge ABTS free radicals ( Table 2 ). 1,8-Cineole had very little ability to scavenge these free radicals. Hence, the activity may be the result of several components of the EO and not only to one of the major compounds.
Limonene had the best capacity for scavenging peroxyl radicals in contrast to that of 1,8-cineole ( Table 2 ). The combination of 1,8cineole and p-cymene or other combinations with minor components seemed to determine the activity of E. globulus EO.
1,8-Cineole was also the worst in terms of prevention of lipid peroxidation, in contrast to limonene ( Table 2 ). E. globulus EO was better as an antioxidant than 1,8-cineole, but the worst when compared to the remaining samples ( Table 2 ). This compound also had very little ability for preventing lipid peroxidation when egg yolk was used as the lipid model in the thiobarbituric acid reactive substances assay [16] .
Neither 1,8-cineole nor p-cymene showed NO radical scavenging activity. Only E. globulus EO and limonene showed this property, although the EO activity was poorer than that of limonene. Such results indicate that an antagonistic effect may have occurred that is responsible for the lower activity of the eucalyptus EO ( Table 2) .
In contrast to the results reported in the other assays, 1,8-cineole was the best for scavenging hydroxyl radicals. The EO presented an intermediate value between 1,8-cineole and limonene. 1,8-Cineole's low IC 50 was quite different from that reported by Singh et al. [23] . According to them, E. tereticornis EO was better for scavenging hydroxyl radicals than the pure constituents, such as 1,8-cineole.
Comparing the antioxidant and chelating activities of C. sempervirens EO with its main components (Table 2) , -pinene was the least active in almost all the assays, with the exception of lipid peroxidation prevention. In most cases, it was even impossible to calculate the IC 50 for -pinene due to its very low antioxidant activity (TEAC, hydroxyl and nitric oxide scavenger and chelator). -Pinene was reported as having DPPH free radical scavenging ability, although lower than that of 1,8-cineole, myrcene and thymol, but better than rosemary EO, in which that monoterpene prevailed [24] . 590 Natural Product Communications Vol. 9 (4) 2014
Aazza et al. The capacity of -pinene for preventing lipid peroxidation was worse than that of limonene, as already reported [16] , although using a different lipid substrate. In the present work, the lower capacity for inhibiting lipid oxidation of C. sempervirens EO suggests the influence of either other minor components or the involvement of limonene + -pinene in the EO in the antagonism processes, which were not evaluated. The iron chelating inability of -pinene agrees with data from Boulanouar et al. [25] that showed a lack of chelating activity in the -pinene-rich Juniperus phoenicea EO. The chelating ability of C. sempervirens EO may be attributed to other minor components.
The weak capacity for scavenging free radicals of E-anethole and Eanethole-rich fennel EO has already been reported [8, 17] . The capacity for inhibiting peroxidation of lipids, measured through the TBRAS method, was reported by Miguel et al. [8] . However, the authors found that high concentrations of E-anethole-rich fennel EO had a pro-oxidant activity. In the present study, the activity was measured using liposomes as the lipid substrate and differences between the EO and the phenylpropanoid were not observed. In contrast, E-anethole was significantly better than the respective EO for scavenging peroxyl radicals and nitric oxide, as well as metal chelating ( Table 2 ). The capacity for iron binding of the EO from some cultivars of fennel, particularly those richest in E-anethole, was previously reported [26] . In the present study, E-anethole was a significantly better chelating agent than fennel EO. The iron binding property can be attributed to this compound, although other components of fennel EO may antagonize its action. The same may explain the lowest capacity of the essential oil for scavenging peroxyl ( Table 2) .
Anti-inflammatory activity:
The lipoxygenase assay was used as an indication of the anti-inflammatory and antioxidant activities of the EOs. Lipoxygenase catalyses the addition of molecular oxygen to fatty acids containing a Z,Z-1,4-pentadiene system originating from unsaturated fatty acid hydroperoxides. Compounds which are able to inhibit this enzyme, which is responsible for the production of these peroxides, can be considered as antioxidants. At the same time, those products are converted into others that play a key role in inflammatory processes. F. vulgare EO had the highest activity in contrast to the lowest observed with C. aurantium EO ( Table 2) . Several works have shown that EOs may possess anti-inflammatory activity. This has been attributed to limonene, 1,8-cineole, -terpinene, and -pinene, among other components [27, 28] . In the present work, 1,8-cineole, -pinene, p-cymene, linalool and borneol either did not show anti-inflammatory activity or it was very low, which did not allow IC 50 determination (Tables 2 and 3 ). F. vulgare EO activity may be attributed to its major compound, E-anethole.
Nevertheless, other EO components may partially antagonize this phenylpropanoid activity, since the EO showed less activity than Eanethole. -Pinene, limonene, and fenchone at >8% may have contributed to the lower activity of fennel EO when compared with that of E-anethole (Table 2 ). It is noteworthy that, among the pure compounds tested, this phenylpropanoid had the best antiinflammatory activity.
The EO of C. limon and limonene standard, which dominates the EO, showed similar activities, which allowed us to conclude that the activity of the whole EO may be attributed to this monoterpene. On the other hand, limonene was also a dominant component of E. globulus and C. sempervirens EOs, but never reaching percentages as elevated as those observed in C. limon EO. In both cases, the activities of the EOs were always higher than that of limonene, which may mean that other EO components are also responsible for the activity, acting by synergism with limonene.
In C. aurantium EO, linalyl acetate, along with other components, contributed, by synergism, to the activity of the EO since the activity of linalyl acetate was lower than that of the respective EO ( Table 2) . T. vulgaris EO showed the best anti-proliferative activity ( Figure  1A ) after 24 h of cell treatment, in contrast to F. vulgare EO. After 96 h of cell exposure, the trend was similar ( Figure 1B) . All samples inhibited cell proliferation in a concentration-dependent manner. T. vulgaris EO at >200 g mL -1 practically prevented the growth of THP-1 cells after 96 h of exposure, and at 100 g mL -1 only T. vulgaris EO had significantly higher anti-proliferative capacity. At this concentration <40 % of the cells survived. T. vulgaris EO's main components are p-cymene, borneol, carvacrol and thymol (Table 1 ). Comparing the anti-proliferative activities of these monoterpenes with that of the EO showed that the activity of the oil may be attributed to carvacrol and thymol (Figure 2A) . p-Cymene was the least effective since more than 80% cell survival was observed at > 400 g mL -1 (Figure 2A) . p-Cymene and borneol might be responsible for the lower activity of the EO compared with carvacrol and thymol (Figure 2A ).
Anti
Limonene also showed relatively high anti-proliferative activity ( Figures 2B and 2C) , being better for preventing THP-1 cell growth than C. limon and E. globulus EOs. C. limon EO is almost entirely dominated by limonene. Maybe for this reason, its cytotoxic activity ( Figure 2B ) was higher than that of E. globulus EO ( Figure 2C ), that also possesses p-cymene and 1,8-cineole in relatively high amounts (Table 1) . p-Cymene and 1,8-cineole were less active than limonene and are probably responsible for the weaker activity of E. globulus EO. The anti-proliferative activities of both EOs, as well as those of the standards, were dose-dependent. Limonene alone or as an EO component has been reported to inhibit colon cancer (SW480) cell proliferation [29] , MCF-7 breast tumor cells [30] , and a lymphoma cell line [18], as well as acting against carcinogeninduced mammary tumors in rats [31] . Nevertheless, β-pinene, αterpineol, γ-terpinene and trans-α-bergamotene, along with limonene in some Citrus fruit peel EOs, were critical to obtain a better anti-proliferative activity on MCF-7 and HeLa cell lines [32] .
The present results demonstrated that p-cymene and 1,8-cineole may also interfere with the activity of limonene on the growth of THP-1 cells.
C. sempervirens EO also had anti-proliferative activity on THP-1 cells ( Figure 2D ), similar to that of limonene, one of the major constituents of the EO, in contrast to that of -pinene, which only possessed weak activity. The cytotoxic activity of -3-carene, also in relative high percentage in the EO, on THP-1 cells was not evaluated. However, the similar anti-proliferative activity of the EO and limonene may reveal a weak cytotoxic activity of -3-carene and -pinene on THP-1 cells, or at least there was not an antagonistic effect between these two monoterpenes and limonene.
C. aurantium EO had a higher capacity to reduce THP-1 cell growth than the main oil components, linalool and linalyl acetate ( Figure  2E ). Linalyl acetate was more effective than linalool, at concentrations >400 g mL -1 , although lower than the EO. O. vulgare, a linalool and linalyl acetate-rich EO, was reported as possessing considerable cytotoxicity against breast cancer MCF-7 and androgen-sensitive human prostate adenocarcinoma cell lines [33] . Linalool, a minor component of Platycladus orientalis, Prangos asperula and Cupressus sempervirens ssp. pyramidalis EOs was cytotoxic to amelanotic melanoma C32 and renal cell adenocarcinoma cells, in contrast to -pinene, the major component, which was inactive on tumor cell population growth and proliferation [34] . However, Tundis et al. [35] found that linalool was inactive against LNCaP and MCF-7 cell lines, despite its cytotoxic efficacy against tamelanotic melanoma C32 and renal cell adenocarcinoma cells. These findings demonstrate that one compound's cytotoxic activity largely depends on the evaluated cell type. According to Prashar et al. [36] , linalyl acetate present in lavender EO was more cytotoxic to human skin cells in vitro (endothelial cells and fibroblasts) than linalool, another lavender EO component. Using non-cancer cells, Prashar et al. [36] showed that the acetate group (linalyl acetate) would be responsible for higher cytotoxicity than the respective alcohol, linalool. The results obtained by Prashar et al. [36] and those obtained in the present study support the view that linalyl acetate may show antiproliferative activity against normal cells and THP-1 leukemia cells.
E-Anethole, fennel EO's main component, showed low antiproliferative activity, even at high concentrations ( Figure 2F ). This may explain the weak action of fennel EO on THP-1 cell growth. These results contrast with those of al-Harbi [37] , in which Eanethole was active against Erlich tumor (EAT)-cells in Swiss albino mice paw. However, the present results agree with those reported by Firuzi et al. [38] capacity for inhibiting lipoxygenase activity, thus showing the best anti-inflammatory activity, although greatly test dependent. The EOs' antioxidant activity was also greatly dependent on several compounds and not only on their major components. T. vulgaris EO had the best anti-proliferative activity on THP-1 cells in contrast to F. vulgare EO. T. vulgaris EO's activity may be attributed to thymol and carvacrol, whereas its weak anti-proliferative activity may be attributed to E-anethole. Limonene, present in relative high amounts in Citrus limon, E. globulus and Cupressus sempervirens EO also showed good anti-proliferative activity on THP-1 cells.
Experimental
Essential oils provenance and analysis: Citrus aurantium (leaves), Citrus limon (peel), Cupressus sempervirens, Eucalyptus globulus, Foeniculum vulgare and Thymus vulgaris essential oils were provided by the Zaraphyt Company from Rabat, Morocco. The EOs were analyzed by gas chromatography, and gas chromatography coupled to mass spectrometry, as previously detailed [39] .
Antioxidant activity ABTS radical cation scavenging capacity:
The ABTS radical cation decolorization assay was carried out using the method described in [25] . The capability to scavenge the ABTS + was calculated using the formula: ABTS .+ scavenging activity (%) = [(A 0 -A 1 )/ A 0 ] × 100 (%), where A 0 is the absorbance of the control (without sample) and A 1 is the absorbance in the presence of the sample. The sample concentration providing 50% inhibition (IC 50 ) was obtained by plotting the inhibition percentage against EOs concentrations. 
Concentration (µg mL¯¹)
Foeniculum vulgare E-Anethole
